Abstract. To determine the mating system of the endemic Helmet Vanga Euryceros prevostii in Madagascar, its nest-building behavior was studied from 27 September to 11 October 2015 on the Masoala Peninsula, Northeastern Madagascar. We found one nest which was open cup-shaped placed on the horizontal branch of a tree. Two birds were individually identified through differences in the spot and shape of the mandible. The two birds (probably male and female) made the nest. This result suggests that the Helmet Vanga is a socially monogamous species.
Introduction
The Helmet Vanga Euryceros prevostii belongs to the family Vangidae, which contains 22 species in 15 genera (Jønsson et al. 2012) . They are well-known for their ecological radiation, resembling that of the Hawaiian honeycreepers and the Galapagos finches (Yamagishi et al. 2001 , Grant & Grant 2008 , Jønsson et al. 2012 , Reddy et al. 2012 . The Helmet Vanga is one of the largest and most striking members of the Vangidae. It's most distinctive feature is a large bright blue bill, which is long, very deep and laterally compressed (Yamagishi & Nakamura 2009 ). This species is confined to the northern half of the eastern evergreen humid forests of Madagascar (Shulenberg & Hawkins 2013) .
Owing to the inherent difficulties in finding nests and observing birds in the Madagascar rain forests, there are only two papers that include information sufficient to allow for determination of the mating system of the Helmet Vanga: one studied the incubation, nestling ecology and diet (La Marca & Thorstrom 2000) , and the other studied the incubation ecology (Rakotomanana et al. 2000) . However, the nest-building behavior of this species has not been investigated. We here describe the first study of the nest-building behavior of the Helmet Vanga, which adds information of use in determining its mating system.
Methods
The study was conducted from 27 September to 11 October 2015 in a primary forest located near the village of Ambodiforaha (15°42 S, 49°58 E, 136 m alt.). This site is located about 10 km to the south from Ambanizana and 40 km to the east from Maroantsetra on the west side of Masoala Peninsula. This lowland rain forest has a canopy height of less than 30 m, with few emergent trees and a high floristic diversity (Guillaumet 1984) .
We found one nest. The height of the nest above ground and the diameter of the host tree at breast height (DBH) were measured.
Direct observations, using a 30 scope, and indirect observations, using a digital video camera (SONY HDR-CX420), were made from a vantage point 10 m from the nest that allowed a clear view of the nest. Observations were conducted at one-day intervals from 0730 to 1130 (4 hours). Data from both direct and indirect observations were pooled for the analysis.
The Helmet Vanga shows no gender differences in the plumage coloration (Yamagishi & Nakamura 2009 ). However, we were able to discriminate individuals by using the spot and shape of the mandible. One bird (Bird A) had an upper mandible with three black spots and the top of the upper mandible was hollow, the other bird (Bird B) had a lower mandible with a small black spot (Fig. 1) .
To analyze the relative contribution of each bird to the reproductive effort, (1) frequency of nest building (per hour) and (2) time spent in nest building (seconds) were studied. Nestbuilding was defined as having started when a focal individual began building the nest, and as having ended when that individual left the nest.
Data analyses were performed using the R (version 2.14.1) statistical package (R Development Core Team 2011). Mean values of statistical measurements are reported with SE.
Results
One nest was found on 27 September 2015 at 3.2 m above the ground in a 4.8 m (6.2 cm DBH) Pandaca retusa (Apocynaceae) tree located 10 m from the side of a forest path. The open cup-shaped nest was built on a horizontal branch of the tree and consisted of interlaced twigs and woven plant fibers, with lichen (Usnea sp. Parmeliaceae) or mosses attached to the exterior of the nest structure.
Two birds (Birds A and B) brought materials to the nest (Fig. 2) . By observing the birds at a close distance with the video camera and telescope, we were able to tell them apart by their differences in body size when they perched together on the nest during changes in nestbuilding duty. Bird A was larger than Bird B.
Nest materials consisted mainly of short twigs (95.1 of 102 items). The nest-building frequency of the two birds gradually decreased from 28 September to 4 October (Fig. 2) . The frequency of visits of Bird B was lower than that of Bird A during this period (Fig. 2) . The mean time SE spent in nest-building from 28 September to 4 October was 75.7 8.3 (n 60) for Bird A and 67.3 8.9 (n 28) for Bird B. There was no difference between Birds A and B in time spent in nest-building (Mann Whitney U-test, z 0.25, P 0.81).
The nest-building frequency of Birds A and B was stable below 0.5 from 6 to 10 October (Fig. 2) , and there were no individual differences in time spent in nest building (Bird A, 173.8 52.2, n 6: Bird B, 162.5 32.0, n 8, Mann-Whitney U-test, z 0.07, P 0.95). However, the time spent in that stage from 6 to 10 October was longer than the period from 28 September to 4 October in Bird A (Mann-Whitney U-test, z 2.53, P 0.01) and Bird B (Mann Whitney U-test, z 2.60, P 0.001)
There were no eggs in the nest on the afternoon of 10 October when we finished our study. Andersson (1994) and Ligon (1999) suggested that monogamous breeding systems are characterized by a less-marked sexual dimorphism. The Helmet Vanga lacks sexual dimorphisms in the body and bill color (Yamagishi & Nakamura 2009 ). However, adult males are slightly larger than adult females (wing, bill, tail and tarsus, see Shulenberg & Hawkins 2013) . Based upon this information, we assumed the larger Bird A to be male and Bird B to be female.
Discussion
The degree of investment by each parent differs considerably between social mating systems. For monogamous species, biparental care is common (Clutton-Brock 1991 , Davies 1991 . A previous paper (La Marca & Thorstrom 2000) suggested that the mating system of the Helmet Vanga is monogamous, because two birds (probably a male and female) shared in the incubation, brooding and feeding of the young. Rakotomanana et al. (2000) found that a large (male) and a small bird (female) of one pair of Helmet Vangas shared in the incubation. Although sample size was small, our additional data of its nest-building stage suggests that, because the male and female took part in the nest-building activities, the Helmet Vanga is a socially monogamous species. 
